We have developed a transplantable tumor lineage derived from transgenic mouse atrial cardiomyocytes that express the SV40 large T oncogene and have named these cardiomyocytes AT-1 cells. In this study, the transplantable tumors, freshly isolated tumor cardiomyocytes, and cultured tumor cardiomyocytes were examined using phase-contrast microscopy, autoradiography, and electron microscopy. 
We observed that cardiomyocytes derived from the transplantable line (AT-1 cells), but not from the primary tumor, retained the capacity to proliferate in culture.4 More important, however, was their ability to maintain the highly differentiated atrial phenotype while undergoing proliferation.4 In the present study, we provided a detailed morphological description of the in situ, freshly isolated, and cultured atrial cardiomyocytes isolated from the AT-1 transplantable tumor lineage and demonstrated that these cells are actively dividing in culture.
Materials and Methods

Culture of Isolated Tumor Cells
Left atrial derived subcutaneous AT-1 tumors were excised from the syngeneic host and partitioned into several pieces. Some samples were fixed immediately in 4.0% glutaraldehyde for electron microscopy or in 10% formalin for light microscopy. The remaining excised tissue was minced and incubated at 4°C for 14 hours in 0.125% trypsin in Joklik's media with gentle agitation. AT-1 cells were obtained from sequential digestions with 0.1% collagenase in Joklik's media at 37°C, pooled, and plated (2.Ox 106 cells/5 ml) in gelatin-coated T25 flasks.4 Cells were maintained in Dulbecco's modified Eagle's medium supplemented with penicillin (100 units/ml), streptomycin (100 ,ug/ml), 10% fetal bovine serum, human insulin (10 ,ug/ml), iron-free human transferrin (10 ,ug/ml), 1% chick embryo extract, and 10 nM dexamethasone as described. 19 Ci/mmol) and then processed for autoradiography exactly as previously described.5
Transmission Electron Microscopy Selected 10-day-old cultures were prepared for in situ electron microscopy as described previously.6 Briefly, cells were fixed in 4.0% glutaraldehyde/0.1 M sodium cacodylate, postfixed in 1.0% osmium tetroxide/0.1 M sodium cacodylate, and stained en bloc using 0.5% aqueous uranyl acetate. This was followed by dehydration in a graded alcohol series, with infiltration and embedment using Polybed 812 plastics (Polysciences Inc., Warrington, Pa.). Thin sections were obtained using a Reichert Ultracut ultramicrotome equipped with a diamond knife, collected on uncoated 200 mesh copper grids, poststained with lead citrate, and examined in a Philips 301 transmission electron microscope at 80 kV. Minced tumor and freshly isolated cells were fixed in suspension and processed for electron microscopy using exactly the same protocol described above.
Results
AT-i Tumor and Isolated AT-i Cells
The parenchyma of the subcutaneous AT-1 tumor was uniform in its general histological appearance. It consisted primarily of a morphologically homogeneous population of cells that were frequently separated into cords by nutrient vessels containing large dilated lumens (Figure la 
Mitosis in Cultured AT-i Cells
When cultured, the isolated AT-1 cells quickly attached to the substrate, and after 4-5 days, clusters of contracting cells were observed. By day 10, broad contiguous sheets of synchronously beating cardiomyocytes formed (Figure 3a) . Frequently, AT-1 cells were seen in various stages of cytokinesis (Figures 3b, 3c , and 4a-4e). In preparation for cell division, AT-1 cells became free of the surrounding cells (Figure 4a ) and progressed through mitosis to produce two daughter cells (Figures 4a-4e ). Labeling with [3H]thymidine indicated that >90% of AT-1 cells were synthesizing DNA after 96 hours in culture (Figure 4f ).
Fine Structure ofAT-1 Cells
As briefly discussed in an earlier report4 cultured AT-1 cells derived from subcutaneous tumors exhibited ultrastructural characteristics typical of mature in vivo adult atrial cardiac muscle cells. AT-1 cells were highly organized, containing well-developed myofibrils separated by mitochondria and abundant smooth endoplasmic reticulum (Figure 5c ). AT-1 cells were linked to adjacent muscle cells by the cardiac-specific junctional complex, the intercalated disk. Intercalated disks were indistinguishable from their in vivo counterparts in that they contained fascia adherents and macula densa along transverse portions ( Figure Sa) and gap junctions along lateral portions ( Figure Sb) .
In vivo atrial cardiac muscle cells are distinguished from ventricular cardiac muscle cells by the presence of numerous cytoplasmic atrial granules.7 These granules were localized primarily in the perinuclear regions (Figure 6a ) of most cultured AT-1 cells. This region of the cytoplasm was filled with Golgi containing atrial granules at various stages of processing Atrial-specific granules were also present (small arrowheads). The tumor was supplied by continuous-type capillaries (*). N, nuclei of tumor cardiomyocytes; R, red blood cell. Stain, en bloc with uranyl acetate, poststained with lead citrate; bar, 1 pum. (Figure 6b ). These granules were frequently found in close association with microtubules ( Figure 6c) . Surprisingly, cultured AT-1 cells contained a well-developed transverse tubular (T) system. Normally a very reduced T system is characteristic of atrial cardiac muscle cells in vivo. In some sections it was possible to follow the tortuous course of the invaginating T tube as it formed junctional complexes with the sarcoplasmic reticulum (Figure 7c ). In cytoplasmic regions adjacent to the cardiomyocyte cell membrane, numerous diadic couplings could occasionally be observed occurring between the developing myofibrils (Figure 7b ). In cultured AT-1 cells that had recently undergone cell division, it was frequently possible to observe processes related to myofibrillogenesis. These were most often confined to regions adjacent to the plasma membrane where de novo synthesis of myosin filaments occurs directly along ribosomes arranged as linear polysomes (Figure 8b ). Early evidence of myofibril assembly first appeared as punctate accumulations of Z material linked by a few associated actin filaments ( Figure 8a ). As myofibrillogenesis proceeded, nascent myosin filaments were inserted into the developing myofibrils ( Figure 8c ) with Z densities coalescing to form the sarcomeric Z lines (Figures 8c and 8d ).
Discussion
This report presents a detailed morphological description of cultured adult atrial cardiomyocytes. Perhaps the most diagnostic trait of these atrial cardiomyocytes was the presence of atrial-specific cytoplasmic granules.7 Atrial granules were present in the AT-1 tumors as well as in cultured AT-1 cells and typically were located in perinuclear regions. There appear to be differences in the number of atrial granules seen in the in situ tumor cells, in cultured AT-1 cells, and in normal adult atrial cardiac muscle cells in vivo. Fewer atrial granules were apparent in the subcutaneous tumor cells than in cultured AT-1 cells and adult atrial cardiomyocytes in vivo9 However, this must first be quantified by ultrastructural morphometry before any significance can be assigned to this observation.
Atrial granules have been shown to contain the vasoactive peptide atrial natriuretic factor. 9 In an earlier report, we demonstrated atrial natriuretic factor expression in primary and subcutaneous atrial tumors derived from transgenic mice.4 Recently, we demonstrated that AT-1 cells processed and secreted atrial natriuretic factor in a manner similar to in vivo adult and cultured adult atrial cardiomyocytes (unpublished observations). Another differentiated characteristic of adult atrium expressed by these cultured cardiomyocytes was the presence of a T system.7 Typically, the atrium has a reduced T system compared with the ventricle.8,"1(11 However, in cultured AT-1 cells, T tubules frequently formed welldefined diadic and triadic couplings with terminal cisternal elements of the sarcoplasmic reticulum at the level of the Z line. This differs from the occasional "large caliber, superficial" T tubes and infrequent diads reported in cultured adult rat 
